mortality between 1987 and 1994 than did falling incident hospitalized myocardial infarction rates. 13 Conversely, a recent report from the WHO-MONICA project 3 indicated that although trends vary by population, a decrease in disease attack rates is the major determinant of declines in CHD mortality, with improvements in case-fatality having a less important role. The objective of the current report is to update trends in mortality due to CHD, rates of first and recurrent hospitalized myocardial infarction, and survival in the ARIC Study through 1996.
Methods
A detailed description of the methods used in ARIC community surveillance has been previously reported 13, 14 and is only briefly outlined here. The ARIC study used retrospective surveillance to monitor admissions to acute care hospitals and deaths due to CHD (both in-and out-of-hospital) among all residents 35-74 years of age. The surveillance areas included over 360 000 men and women in four communities: Forsyth County, North Carolina; the city of Jackson, Mississippi; eight northern suburbs of Minneapolis, Minnesota; and Washington County, Maryland.
Deaths and hospital discharges were validated and classified using standardized criteria. 14 Eligibility for hospital surveillance was based on age, residence, date of discharge, and diagnosis code (ICD-9-CM codes 402, 410-414, 427, 428, and 518.4), with sampling of codes unlikely to be confirmed as myocardial infarction. Sampling was based on the ICD-9-CM code and the date of discharge. Details of this approach and the sampling probabilities used have been previously reported. 13 The medical records of each eligible case were obtained. Information abstracted included: symptoms on presentation, presence or absence of chest pain, history with respect to myocardial infarction or other cardiovascular-related conditions, and cardiac-enzyme levels (total creatine kinase and its myocardial fraction (MB), lactate dehydrodgenase and its subfractions). Copies of up to three electrocardiograms (ECG) were made and sent to the University of Minnesota ECG Reading Center for classification according to the Minnesota Code. 15 A computerized algorithm was applied to these data to determine a computer diagnosis related to myocardial infarction. Cases with multiple hospitalizations (within 28 days) were linked and considered a single event. The Mortality and Morbidity Classification Committee reviewed events with certain types of discrepancies between hospital discharge codes and computer diagnosis. According to published criteria, 14 all eligible hospitalized events were classified into one of four categories of myocardial infarction: definite, probable, suspect, and no myocardial infarction. In ARIC, hospitalized events classified as definite or probable myocardial infarction are combined. Therefore, the ARIC definition of hospitalized myocardial infarction includes events that meet one of the following criteria: (1) evolving diagnostic ECG pattern; (2) diagnostic ECG pattern and abnormally elevated cardiac enzymes (ജ2 times normal); (3) cardiac pain and abnormal enzymes; (4) cardiac pain and slightly elevated enzymes (between upper limits of normal and twice upper limits of normal) and (a) evolving ST-T pattern or (b) diagnostic ECG pattern; (5) abnormally elevated enzymes and evolving ST-T pattern.
Trained personnel reviewed death certificates that met criteria based on age, residence, and underlying cause of death (ICD-9  codes 250, 401, 402, 410-414, 427-429, 440, 518.4, 798, and  799) . Deaths with an underlying cause of death unlikely to be confirmed as CHD were sampled. Sampling was based on ICD-9 code and day of death. For out-of-hospital deaths, additional information was sought from the next of kin and other informants, the certifying and family physicians, and coroners or medical examiners. The Mortality and Morbidity Classification Committee reviewed all out-of-hospital deaths and assigned a final diagnosis; the committee chairman adjudicated disagreements. In-hospital deaths were classified after a review of hospital records and death certificate information. Death due to CHD was defined as definite fatal myocardial infarction or definite fatal CHD. This category included deaths for which no probable cause other than atherosclerosis was known in patients with a history of hospitalization for myocardial infarction within 28 days before death, as well as deaths for which there was evidence of chest pain within 72 hours before death or a history of chronic ischaemic heart disease such as coronary insufficiency or angina pectoris, and no known nonatherosclerotic cause. This category excludes deaths classified as possible fatal CHD and those events that are unclassifiable due to missing data. Possible fatal CHD was defined as those without sufficient evidence to be diagnosed as definite, no known nonatherosclerotic or non-cardiac atherosclerotic process, and an underlying cause of death of 410-414, 427.4, 429.2, or 799. The unclassifiable category accounted for 5% of all eligible deaths investigated. Due to state law we were unable to use the same method to validate cause of death for out-of-hospital deaths in Washington County, Maryland and therefore these deaths are not included in the rates of mortality due to CHD.
A hospitalized incident (first) myocardial infarction was defined as one in a patient for whom the medical record either stated that there was no history of myocardial infarction or did not contain any reference to a history of myocardial infarction. The numerator for the attack rate for hospitalized myocardial infarction included first or recurrent events.
Two definitions of case-fatality were used. First, case-fatality from myocardial infarction was defined as the per cent of hospitalized definite or probable myocardial infarction dying of any cause within 28 days of the event. Second, an estimate of the overall case fatality rate from CHD combines information on mortality at 28 days among patients hospitalized for myocardial infarction with information on deaths attributed to CHD that did not occur in conjunction with an event for which the patient was hospitalized.
Because hospital discharges and deaths were sampled, all analyses were weighted to reflect the sampling probabilities. 14 Rates specific for sex and race were computed on the basis of dynamic population estimates derived by interpolation from US Census data. Poisson regression using the log of the weighted rates modelled as a linear function of year and age was used to determine the age-adjusted average annual per cent change in rates. 13, 14 Variances for the estimators of the coefficients in the model accounted for the additional variance due to the sampling of events. Change in the per cent of myocardial infarction events that did not survive 28 days (case-fatality per cent) was computed as the per cent change in the per cent casefatality.
Results
Between 1987 and 1996 there were 14 842 hospitalized fatal or non-fatal definite or probable myocardial infarction events among residents 35-74 years old in the four study communities (Table 1 ). There were 4225 deaths due to CHD. Sixty-five per cent of the hospitalized myocardial infarctions and 49% of the fatal CHD events occurred in people without a history of myocardial infarction (data not shown). In 1996, the age-adjusted CHD mortality was highest in black men (2.7 per 1000), followed by white men (2.0 per 1000), black women (1.5 per 1000), and white women (0.6 per 1000). Averaged across all years in the areas where cause of death was validated, the death rate due to CHD was highest in Jackson (1.8 per 1000), followed by Forysth County (1.5 per 1000) and suburban Minneapolis (1.0 per 1000). Similar to our previous report, death rates due to CHD defined solely on the basis of underlying cause recorded on the death certificate overestimated the rate of validated CHD death. 13 However, the overall trends were similar between the two methods (data not shown).
Black men also had the highest age-adjusted hospitalized myocardial infarction incidence rate in 1996 (4.7 per 1000), followed by white men (3.9 per 1000), black women (2.2 per 1000), and white women (1.6 per 1000). For all men and women combined, averaged across all years, Forsyth County had the highest rate of incident hospitalized myocardial infarction (3.2 per 1000), followed by Jackson (3.0 per 1000), Washington County (2.8 per 1000), and suburban Minneapolis (2.4 per 1000).
Trends in mortality due to CHD
Age-adjusted CHD mortality fell 3.2% annually (95% CI : 2.0, 4.3) among men and 3.8% (95% CI : 1.9, 5.6) among women ( Table 2 ). The greater part of the significant decline observed for men took place between 1987 and 1991, with relatively stable rates for 1992 through 1996 (Figure 1 ). While the trend was not perfectly linear, we did not have enough years of data to CORONARY HEART DISEASE TRENDS IN THE USA S19 Coronary heart disease mortality includes deaths due to CHD regardless of history of myocardial infarction; out-of-hospital deaths include people who die in the emergency department or who are dead on arrival; first myocardial infarction includes definite plus probable hospitalized myocardial infarction events without prior history of myocardial infarction; attack rate for myocardial infarction includes people with or without a prior history of myocardial infarction; first myocardial infarction or fatal CHD excludes people with a prior history of myocardial infarction.
Case fatality rates are at 28 days; the case-fatality for CHD includes patients hospitalized for myocardial infarction plus out-of-hospital deaths due to CHD.
adequately test for other shapes. Therefore we used a linear model to estimate the average annual per cent change. The greatest average annual decline in CHD mortality was seen among white women (3.9%) followed by white men (3.5%), black woman (3.1%), and black men (2.2%). Although the fall in CHD mortality was statistically significant for men and women overall, the average annual per cent declines among black men and black women were not statistically significant. The lack of statistical significance among blacks is likely due to a smaller sample size. The average annual rate of in-hospital fatal CHD events in the population fell 4.0% (95% CI : 2.3, 5.7) among all men. The decline among all women was somewhat greater, falling 4.9% per year (95% CI : 2.0, 7.7). A significant annual decline of 2.7% in out-of-hospital fatal CHD events was seen among men. The 3.4% annual decline in out-of-hospital fatal CHD seen among white women was also statistically significant.
To better compare trends in ARIC data with those reported by the WHO-MONICA Project, we further investigated trends after modifying our event definition. We broadened the standard ARIC definition of fatal CHD to include those events classified as 'possible fatal CHD' (Table 3) . Furthermore, we restricted the analyses in Table 3 to residents 35-64 years old to be consistent with that used in the WHO-MONICA project. 3 The addition of events classified as possible fatal CHD slightly reduced the downward trend in all gender-race groups.
Trends in the incidence of hospitalized myocardial infarction
Between 1987 and 1996 the age-adjusted rate of incident (first) hospitalized myocardial infarction remained relatively stable ( Figure 1 and Table 2 ). The average annual per cent change was an increase of 1.1% (95% CI : 0.0, 2.1) among men. A similar flat trend was also observed for women.
Although the incidence of first hospitalized myocardial infarction was more variable among blacks due to fewer events, there was a suggestion of an increase in rates over time. The age-adjusted incidence rate of first hospitalized myocardial infarction increased 4.1% per year (95% CI : 0.7, 7.5) among black men and 4.9% per year (95% CI : 0.3, 9.6) among black women. The incidence rate of hospitalized myocardial infarction remained stable over the 10-year period among white men and women ( Table 2) .
As shown in Table 2 , restricting the ARIC data on incident hospitalized myocardial infarction to events classified as 'definite' had only a slight impact on the trend. The average annual incidence rate of definite hospitalized myocardial infarction fell less than one per cent per year (0.6%) in men, and was not statistically significant. Trends in incident definite hospitalized myocardial infarction further restricted to residents 35-64 years of age are shown in Table 3 . The trends were similar to those seen for the full ARIC age range except there was a significant decline in incident definite myocardial infarction among white women aged 35-64 years.
Trends in recurrent myocardial infarction attack rate and case-fatality
The age-adjusted rate of recurrent hospitalized myocardial infarction fell 1.9% per year among men and 2.1% per year among women (Table 2) . Overall, declines in recurrent hospitalized myocardial infarction were primarily due the significant reductions observed for whites.
Hospitalized myocardial infarction event attack rate (first or recurrent) changed little in either men or women. The combination of the attack rate of hospitalized myocardial infarction plus deaths due to CHD (in-or out-of-hospital) is a measure of the total event rate in the population. The average rate of such events fell a statistically significant 0.8% per year (95% CI : 0.1, 1.5) for men. There was no evidence of an annual decrease in this combined endpoint among women.
Between 1987 and 1996 there was a significant decline in 28-day case-fatality among hospitalized myocardial infarction S20 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY Figure 1 Age-adjusted rates of death due to coronary heart disease and incidence (first event) rates of hospitalized myocardial infarction among men and women 35-75 years old, 1987-1996. The ARIC study Table 3 Age-adjusted average annual per cent change (95% CI) in MODIFIED coronary heart disease (CHD) event a rates among men and women events for men (-6.1% per year) and women (-6.2% per year) ( Table 2 ). Declines were also seen for total CHD case-fatality (includes patients hospitalized for myocardial infarction plus out-of-hospital deaths due to CHD).
Discussion
Between 1987 and 1996 CHD mortality in the ARIC communities declined 32% in men and 38% in women. The fall in CHD mortality was evident among blacks and whites. Most of the decline, however, occurred in the first half of the study period with more stable rates in the latter half. We also observed modest declines in attack rates of hospitalized myocardial infarction (first and recurrent events combined). However, most of the decline in hospitalized myocardial infarction attack rates was due to a fall in recurrent events. This is in agreement with data from Finland that showed that a decreased occurrence of recurrent coronary events played a prominent role in the decline of CHD mortality. The data suggest that secondary prevention and treatment of chronic symptomatic CHD have a substantial impact. 16 We found that in ARIC the trend in incidence of hospitalized myocardial infarction (first events) was stable. As expected, these more current morbidity data agree with our previous report that showed, between 1987 and 1994, the CHD mortality decline occurred in the context of stable or slightly increasing trends in the incidence of hospitalized myocardial infarction and improving survival after myocardial infarction. 13 The updated trends reported here support the conclusion that into the mid 1990s the fall in death rates due to CHD in these communities was primarily a consequence of improvements in case-fatality and declines in recurrent hospitalized myocardial infarction. Declines in incident myocardial infarction and declining out-of-hospital CHD death rates played a lesser role. It is possible that myocardial infarction events have become milder. However, recent reports from the ARIC study provide only mixed support for decreases in severity of hospitalized myocardial infarctions. 17 In contrast, a recent report from the WHO-MONICA project suggested that decreases in disease occurrence accounts for twothirds of declines in CHD mortality with improvements in casefatality having a less important role. 3 Although differences in the respective role of event rates and survival in determining mortality rates are expected between studies, some of the difference may reflect important methodological issues. 18 The definition used in the main analysis of the WHO-MONICA project was a composite of non-fatal events classified as definite myocardial infarction, and fatal events classified as definite, possible, and unclassifiable coronary deaths (URL:www.ktl.fi/ publications/monica/manual/part4).
The ARIC study defined total CHD as definite or probable myocardial infarction, plus definite fatal CHD. Although the terminology is not identical between the two studies, in general the WHO-MONICA project definition included a broader spectrum of fatal CHD and the ARIC definition includes a broader spectrum of non-fatal myocardial infarction. After modifying the ARIC definition of fatal CHD to include cases defined as 'possible fatal CHD' and restricted to the same age group as the WHO-MONICA project, the downward trend in CHD mortality was attenuated compared to the more specific ARIC definition. When considering only definite incident hospitalized myocardial infarctions, there was a suggestion of a downward trend in such events in ARIC. No downward trend was observed when the broader ARIC definition that included probable cases was considered. In ARIC, the per cent age declines in hospitalized event rates and out-of-hospital deaths were less than that for case-fatality rates. However, in terms of absolute number of events, the decline in out-of-hospital fatal CHD represents a larger contribution to the decline in number of fatal CHD events over time than does case-fatality. A sustained underlying risk in the population may have stimulated increasing or stable rates of events classified as probable myocardial infarction thus flattening the overall trend in total hospitalized myocardial infarction event rates. However, more direct measures of trends in severity are needed to better characterize this picture.
Because a complex of factors that vary by time and place determines trends in mortality rates there is every reason to expect inconsistencies across studies. Indeed, estimating the relative contribution of preventive factors and treatment factors has been the focus of recent debate. 9, 10, 19 Recent reports from the WHO-MONICA project that estimated the contribution of classic risk factors 11 and coronary care 12 to mortality trends suggest that while changes in treatments and secondary prevention were strongly linked with declining coronary endpoints, risk factors explained less of the variability of trends in event rates than anticipated.
The update of trends in the ARIC communities presented in the current paper is in contrast to the downward trend in hospitalized myocardial infarction incidence seen in the 1980s in several population-based studies in the US, 7, [20] [21] [22] but is in agreement with surveillance studies conducted in the 1990s. 23, 24 Although none of these studies is representative of the entire US and therefore free of bias, they offer the best available data on incident myocardial infarction in the community. Factors associated with the occurrence of recurrent myocardial infarction, as well as those creating a better chance of survival after an event, were likely the prominent components in the decline in CHD mortality observed over this period in the US.
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KEY MESSAGES
• The average annual age-adjusted mortality rate of CHD declined about 3% per year between 1987 and 1996 for all genderethnic groups in the four ARIC Communities, although most of the decline took place in the first half of this period.
• Although rates of recurrent hospitalized myocardial infarction fell during this period, the trend in rates of incidence (first) events was stable.
• Case-fatality (28-day) after myocardial infarction improved significantly during this period.
